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Description 

BACKGROUND OF THE INVENTION 

[0001] The preferred embodiments of the present in- 5 
vention generally relate to a mobile C-arm based x-ray 
system for constructing three dimensional (3-D) volumet- 
ric data sets and using the data sets in diagnostic and 
interventional medical procedures. More specifically, at 
least one preferred embodiment of the present invention 10 
relates to a mobile C-arm based x-ray medical imaging 
system that constructs three-dimensional volumetric da- 
ta sets of digital x-ray images, based, in part, on coordi- 
nate information for patients and the x-ray receptor, and 
uses the data sets for diagnostic and interventional pro- 
cedures to be carried out. 

[0002] Conventional medical imaging modalities, such 
as computed tomography (CT) and magnetic resonance 
imaging (MRI), use sophisticated mechanical gantry 
structures to support patients and equipment used to 
construct patient imaging data sets. The CT and MRI 
data sets are formed from a plurality of scans in which 
the exact position of the patient is known from the relation 
between the mechanical gantry and the patient table 
formed integral with the gantry. For instance, CT systems 
use a circular gantry that supports a continuously rotating 
fan beam x-ray source and an opposed arcuate detector 
array. The fan beam x-ray source and detector array con- 
tinuously rotate within the gantry. The CT system also 
includes a patient table integral with the gantry. The table 
moves the patient through the gantry at predefined in- 
cremental steps while the fan beam x-ray source contin- 
uously rotates. The mechanical interconnection of the 
gantry and table in the CT system maintain a known re- 
lationship between the position of the patient and of the 
x-ray source and detector array at all times, and thus is 
able to construct a set of 2-D images aligned in a known 
relationship to one another in order to construct a 3-D 
volumetric data set of the images. Once the 3-D volume 
is constructed, individual slices of the patient may be ob- 
tained to present to the doctor desired views, such as 
the sagittal, coronal and axial views; or segmented or 
rendered image views. MRI systems maintain a similar 
mechanical interconnection between the gantry holding 
the magnet coils and patient table. 
[0003] However, CT and MR systems are extremely 
complex, large and expensive. In the more recent history, 
intraoperative MR and mobile CT systems have been 
proposed. However, these intraoperative MR and mobile 
CT systems still require a configuration comprising a pa- 
tient table formed integrally with the gantry. Many intra- 
operative and diagnostic procedures do not justify or war- 
rant the cost of MR and CT systems, mobile or otherwise. 
Further, intraoperative MR and mobile CT systems are 
still quite large and take up a significant portion of an 
operating room. 

[0004] Today, many diagnostic and surgical proce- 
dures are carried out using a mobile C-arm type x-ray 



system in a fluoroscopy or digital spot mode. Mobile C- 
arm x-ray systems are more commonly found in an OR 
or interoperative hospital and clinical facilities as such 
systems are much smaller, less complex and less ex- 
pensive than CTand MR systems. Conventional mobile 
C-arm systems have been used during surgical proce- 
dures by performing standard fluoroscopic x-ray imaging 
to acquire one or more x-ray images of the patient during 
the procedure. The most common x-ray images obtained 
using the mobile C-arm include the AP and lateral views. 
By way of an example, during a surgical planning phase, 
the doctor may obtain two exposures/shots, namely one 
AP view and one lateral view to initially observe and study 
the region of interest. In a spinal procedure, the doctor 
next will resect tissue from the region of interest (ROI) to 
expose a bony portion of interest. Next, the doctor places 
the surgical instrument or tool near the bony portion of 
interest, with the instrument or tool located at a desired 
position and orientation at which the doctor desires to 
carry outthe surgical procedure. The doctor next typically 
obtains two new exposures/shots (AP and lateral) of the 
ROI and instrument to view the position and orientation 
of the instrument/tool relative to the bony portion of in- 
terest. Then the doctor begins the surgical procedure, 
such as drilling a hole in the bone or the like. At various 
stages along the surgical procedure, the doctor obtains 
new pairs of exposures/shots (AP and lateral) to deter- 
mine the progress of the procedure. This process is re- 
peated until the tool reaches a desired destination. The 
foregoing process requires several exposures to be tak- 
en of the patient, thereby causing the patient to receive 
a large x-ray dose, even though it is preferable to mini- 
mize the radiation dosage required to complete a proce- 
dure. 

[0005] C-arm based systems have a configuration of 
joints and interconnects that permit the doctor to move 
and rotate the C-arm through several directions of move- 
ment, such as an orbital tracking direction, longitudinal 
tracking direction, lateral tracking direction, transverse 
tracking direction, pivotal tracking direction, and "wig- 
wag" tracking direction. The C-arm may be moved 
through each of the foregoing tracking directions by re- 
leasing mechanical locks at the appropriate joints and 
interconnects. 

[0006] At least one C-arm type system has been pro- 
posed that includes a mechanical motor to drive the C- 
arm (and thus the x-ray source and image intensifier) in 
the orbital tracking direction, namely in an arcuate path 
within the plane defined by the C-arm frame. As the motor 
moves the C-arm in the orbital tracking direction, a series 
of exposures are taken. The series of exposures are com- 
bined into a data set for display as a three-dimensional 
volume. However, the motor driven C-arm system is only 
useful for diagnostic procedures, not interventional op- 
erations, since the image frames are not correlated to 
the patient location and alignment. 
[0007] WO 00/64367 discloses a method and appara- 
tus for image guided surgery. DE 199 17 867 similarly 
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discloses a method and apparatus for conducting guided 
surgery on a patient. 

[0008] A need remains for an improved C-arm based 
system capable of constructing 3-D volumetric data sets 
of patient and instrument information and capable of dis- 
playing slices, segments or rendered volumes of data at 
any desired viewing angle for use during diagnostic and 
interventional procedures. 

BRIEF SUM MARY OF THE INVENTION 

[0009] According to the present invention there is pro- 
vided a medical imaging system, comprising: 

a C-arm unit having an x-ray source for generating 
x-rays and a receptor for obtaining image exposures 
from received x-rays, the C-arm moving the x-ray 
source and receptor along an image acquisition path 
between at leastfirst and second exposure positions; 
a position detector for monitoring the position of said 
receptor and the position of a patient and producing 
position data; 

an acquisition module for collecting a series of image 
exposures from the receptor including at least first 
and second image exposures obtained while said 
and receptor is located at said first and second ex- 
posure positions, respectively, said acquisition mod- 
ule collecting said series of image exposures based 
on said position data from said position detector; 
an image processor for constructing a three dimen- 
sional (3D) volumetric data set based on said series 
of image exposures and position data from multiple 
said position detector; and 
a display displaying images based on said three di- 
mensional volumetric data set 

[001 0] According to one aspect of a preferred embod- 
iment, a medical imaging system is provided having a C- 
arm with an x-ray source for generating x-rays and a re- 
ceptor device for receiving x-rays and deriving a fluoro- 
scopic image from the x-rays received. The C-arm moves 
the x-ray source and receptor device along an image 
acquisition path between at least first and second image 
acquisition positions. An acquisition module obtains a 
series of 2-D fluoroscopic images, wherein first and sec- 
ond fluoroscopic images are obtained when the x-ray 
source and receptor are located at the first and second 
image acquisition positions, respectively. An image proc- 
essor constructs a 3-D volume of object voxels based on 
the series of fluoroscopic images. A monitor displays im- 
ages based on the 3-D volume, such as 3D renderings, 
patient slices and the like. A position tracker monitors the 
position of the C-arm and patient at each of the positions 
through the series of exposures and provides position 
information for the patient and the receptor for fluoro- 
scopic images. The C-arm may be manually, mechani- 
cally or automatically moved along the image acquisition 
path. 



[0011] According to at least one alternative embodi- 
ment, an image processor constructs a computed tom- 
ography volume from a series of 2-D fluoroscopic imag- 
es. The image processor transforms multiple 2-D fluor- 

5 oscopic images into 3-D volumetric data sets. The image 
processor may perform an iterative reconstruction tech- 
nique to construct the 3-D volume. Alternatively, the im- 
age processor may perform a back projection technique 
to construct the 3-D volume. 

10 [0012] According to at least one alternative embodi- 
ment, the C-arm is rotatably mounted to a base that 
moves the C-arm along an orbital rotation path to cause 
the x-ray source and receptor device to follow an arc 
about an orbital axis aligned perpendicular to a plane 

15 defined by the C-arm. According to at least one alterna- 
tive embodiment, a mobile base is provided having 
wheels. The C-arm may be mounted to the base and the 
base may be movable on the wheels along a lateral ro- 
tation arc formed tangentially to an orbital axis traversing 

20 the C-arm plane to move the x-ray source and receptor 
device along a later al image acquisition path between 
the first and second positions. A pivot member may be 
provided. The pivot member may pivot the C-arm about 
a pivot axis contained in and extending along the plane 

25 containing the C-arm. The pivot member pivots the x-ray 
source and receptor device about a pivotal image acqui- 
sition path between the first and second positions. 
[001 3] According to a further alternative embodiment, 
the acquisition module acquires a sequence of 2-D fluor- 

30 oscopic images at predetermined positions spaced along 
the imaging path. Optionally, the acquisition module may 
obtain 2-D fluoroscopic images at an even interval along 
the image acquisition path. The even interval may be at 
approximately every five degrees of rotation of the C- 

35 arm. The acquisition module continuously calculates the 
position of the C-arm with respect to a coordinate refer- 
ence system and triggers the x-ray source to generate 
exposures when the C-arm reaches predetermined po- 
sitions along the imaging path. 

40 [0014] In one embodiment, the first and second posi- 
tions may constitute the beginning and ending positions, 
respectively, along an arcuate range of motion of the C- 
arm. The beginning and ending positions may be be- 
tween 145 degrees and 190 degrees apart. 

45 [0015] The preferred embodiments of the present in- 
vention may be used in a variety of diagnostic proce- 
dures, interventional surgical applications and the like, 
such as in orthopedic procedures, spinal studies and ap- 
plications, joint replacement procedures and the like. A 

50 spinal application may involve attaching a pen or screw 
to a vertebra, such as the cervical, thoracic or lumbar. 
The vertebra represents a complex anatomy that may 
not be satisfactorily illustrated through AP and lateral 
fluoroscopy views. The AP and lateral views may not 

55 necessarily show adequate intricate detail of the verte- 
bra. Preferably, spinal applications involve the display of 
sagittal, coronal and axial views to present the cross- 
section of the spinal column in a slice by slice format. 
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According to at least one preferred embodiment, sagittal, 
coronal and axial views may be obtained from the 3-D 
volume data set obtained by the C-arm. 
[0016] As the doctor performs the spinal surgery, the 
instrument or tool may be superimposed upon one or 5 
more of the 2-D or 3-D images presented to the doctor. 
The position of the instrument or tool is continuously and 
repeatedly updated in real-time in order to follow the 
movement of the instrument or tool relative to the pa- 
tient's spinal column. 

[0017] An example of a general orthopedic procedure, 
in which at least one preferred embodiment of the present 
invention may be used, involves fracture reduction, such 
as when setting a broken bone. During a fracture reduc- 
tion operation, one or more tracking devices may be at- 
tached to one or more points on the fractured bone. The 
2-D or 3-D images obtained illustrating the fractured bone 
may be used for surgical planning and/or alignment. The 
2-D or 3-D images may further be used during implemen- 
tation of the fracture reduction procedure (i.e. set the 
bone) to obtain views in any desired orientation of the 
fractured bones. As the fracture is closed, the 2-D or 3- 
D images may be viewed in any desired orientation to 
determine if the bones are being properly aligned. 
[0018] Another example of a general orthopedic pro- 
cedure, in which at least one preferred embodiment of 
the present invention may be used, involves joint replace- 
ment, such as when replacing a knee with a prosthesis. 
A knee prosthesis includes a ball and receiving joint. A 
notch is cut in the bone on one side of the knee and the 
ball is inserted therein. A notch is cut in the bone on the 
other side of the knee and the receiving joint is inserted 
therein. It is important that the ball and receiving joint be 
properly aligned within the bone notches since if either 
is misaligned by a few degrees, the foot will not be aligned 
properly. Also, misalignment within the ball and joint 
causes the prosthesis to prematurely wear out since the 
joints are designed to have an equal load. If the load is 
unbalanced by only a few degrees, the joint will wear 
prematurely. 

[0019] General orthopedic and spinal procedures are 
not considered to warrant the need for a computed tom- 
ography system, nor justify the cost added to the opera- 
tion for a CT system. However, typically, fluoroscopy sys- 
tems are present in, or available to, most operating rooms 
and thus more readily available for used during general 
orthopedic and spinal procedures. Volumetric recon- 
struction with the fluoroscope affords the doctor the ability 
to conduct surgical planning quickly while a patient is 
anesthetized on the table. Within a few minutes of the 
surgical planning phase (e.g. preoperative planning), the 
doctor is able to execute the plan to afford proper align- 
ment (e.g. interoperative navigation) and to verify quality 
assurance. Hence, at least one preferred embodiment 
of the present invention enables a doctor to verify that a 
plan has been properly executed. In accordance with at 
least one preferred embodiment of the present invention, 
imaging data may be collected during an intraoperative 



procedure (e.g. interoperative data collection), without 
any need for pre-imaging. By affording interoperative da- 
ta collection, a patient need not be moved to a separate 
room for image collection, but instead, the images may 
be obtained by the C-arm while the patient is anesthe- 
tized and prepped for surgery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The foregoing summary, aswellasthe following 
detailed description of the preferred embodiments of the 
present invention, will be better understood when read 
in conjunction with the appended drawings. For the pur- 
pose of illustrating the preferred embodiments of the 
present invention, there is shown in the drawings, em- 
bodiments which are presently preferred. It should be 
understood, however, that the present invention is not 
limited to the arrangements and instrumentality shown 
in the attached drawings. 

Fig. 1 illustrates a block diagram of a fluoroscopic 
imaging system formed in accordance with a pre- 
ferred embodiment of the present invention. 

Fig. 2 illustrates a fluoroscopic imaging system using 
an electromagnetic tracking subsystem and is mov- 
able through a range of orbital rotation formed in ac- 
cordance with a preferred embodiment of the present 
invention. 

Fig. 3 illustrates a fluoroscopic imaging system that 
uses an electromagnetic tracking subsystem and 
that is movable through a range of lateral rotation 
formed in accordance with the preferred embodi- 
ment of the present invention. 

Fig. 4 illustrates a fluoroscopic imaging system that 
uses an optical tracking subsystem and that is mov- 
able through a range of orbital rotation formed in ac- 
cordance with a preferred embodiment of the present 
invention. 

Fig. 5 illustrates a fluoroscopic imaging system that 
uses an optical tracking subsystem and that is mov- 
able through a range of lateral rotation formed in ac- 
cordance with a preferred embodiment of the present 
invention. 

Fig. 6 illustrates a C-arm that may be used in accord- 
ance with one or more of the preferred embodiments 
of the present invention. 

Fig. 7 illustrates a block diagram of an alternative 
embodiment of the present invention. 

Fig. 8 illustrates a flow chart of the steps carried out 
in accordance with at least one preferred embodi- 
ment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0021] Fig. 1 illustrates a fluoroscopy x-ray system 1 0 
that includes a C-arm 12 that is electrically connected to 
an x-ray generator 14, an image processing computer 
16 and a tracker module 18. The tracker module 18 com- 
municates with a tracking data processor 20 which in turn 
communicates with the image processing computer 16 
and x-ray generator 14. The image processing computer 
16 communicates with a monitor 48. 
[0022] The C-arm 12 includes an x-ray source 36 
mounted to one side and an x-ray receptor device 34 
mounted to the opposed side. The C-arm 12 is movable 
in several directions along multiple image acquisition 
paths, including, among others, an orbital tracking direc- 
tion, longitudinal tracking direction, lateral tracking direc- 
tion, transverse tracking direction, pivotal tracking direc- 
tion, and "wig-wag" tracking direction. The orbital rotation 
direction is denoted by arrow A. Fig. 1 illustrates the C- 
arm 12 and receptor 34 in solid lines while located at a 
first position (P1), and in shadow lines while located at a 
second position (P2). Alternatively, the C-arm 12, recep- 
tor 34 and x-ray source 36 may be moved along image 
acquisition paths in the longitudinal, lateral, transverse 
and wig-way tracking directions and the like. 
[0023] The tracker module 18 monitors the position of 
the patient 22, the receptor 34, and an instrument or too! 
24 (if present) used by a doctor during a diagnostic or 
interventional surgical procedure. The tracker module 18 
provides tracking component coordinates 26 with respect 
to each of the patient 22, receptor 34, and instrument 24 
to the tracking data processor 20. The tracking data proc- 
essor 20 uses the tracking component coordinates 26 to 
continuously calculate the positions of the receptor 34, 
patient 22 and instrument 24 with respect to a coordinate 
system defined relative to a coordinate system reference 
point. The reference point for the coordinate system is 
dependent, in part, upon the type of tracker module 18 
to be used. The tracking data processor 20 sends control 
or trigger commands 28 to the x-ray generator 14 which 
in turn causes one or more exposures to be taken by the 
x-ray source 36 and receptor 34. The tracking data proc- 
essor 20 provides exposure reference data 30 to the im- 
age processing computer 1 6. The control or trigger com- 
mands 28 and exposure reference data 30 are generated 
by the tracking data processor 20, as explained in more 
detail below, based on the tracking component coordi- 
nates 26 as the C-arm is moved along an image acqui- 
sition path. 

[0024] By way of example, the C-arm 1 2 may be man- 
ually moved between first and second positions P1 and 
P2 as a series of exposures are obtained. The image 
acquisition path may be along the orbital rotation direc- 
tion (as shown in Fig. 2) and the receptor 34 may be 
rotated through a range of motion from 0 to 145° or from 
0 to 190°. Alternatively, the image acquisition path may 
be along the lateral rotation direction denoted by arrow 
B in Fig. 3 between positions P3 and P4. 



[0025] The image processing computer 16 collects a 
series of image exposures 32 from the receptor 34 as 
the C-arm 12 is rotated. The receptor 34 collects an im- 
age exposure 32 each time the x-ray source 36 is trig- 

5 gered by the x-ray generator 14. The image processing 
computer 1 6 combines each image exposure 32 with cor- 
responding exposure reference data 30 and uses the ex- 
posure reference data 30 to construct a three-dimension- 
al volumetric data set as explained below in more detail. 

10 The three-dimensional volumetric data set is used to gen- 
erate images, such as slices, of a region of interest from 
the patient For instance, the image processing computer 
16 may produce from the volumetric data set saggital, 
coronal and/or axial views of a patient spine, knee, and 

is the like. 

[0026] Fig. 6 illustrates an exemplary mobile C-arm x- 
ray unit 110. A principal function of the mobile C-arm x- 
ray unit 110 is to generate x-rays for diagnostic and in- 
terventional imaging. The unit 1 1 0 is comprised of a main- 

20 frame 1 1 1 , a C-arm 1 1 2, an L-arm 1 1 3 and control panel 
114. The lower portion of the mainframe 111 forms a T- 
shaped structure, wherein casters are utilized to provide 
mobility of the unit 110. The mainframe 111 includes a 
power panel 1 17 for controlling the coupling of power, as 

25 well as other devices, to unit 110. The mainframe 111 
also includes a vertical lift column 118 that permits the 
C-arm 112 and L-arm 113 to move vertically in relation 
to mainframe 111. Vertical lift column 118 terminates in 
an upper housing 119, wherein horizontal extension arm 
120 passes through upper housing 119and permits arm 
120 to move perpendicularly in relation to vertical lift col- 
umn 118 by movement of the horizontal extension arm 
120 in relation to upper housing 119, The C-arm 112 may 
be moved along the axis of the horizontal extension arm 

35 1 20 to effect transverse tracking motion. The L-arm 113 
is capable of pivoting (pivotal tracking motion) about the 
horizontal extension arm 120 such that the L-arm 113 
can be made to pivot in a 360° arc. The horizontal exten- 
sion arm 120 is coupled to one end of the L-arm 113, 

4 o while the outer end of the L-arm 1 13 is coupled to C-arm 
112. 

[0027] The C-arm 1 12 is a C-shaped structure having 
an x-ray emitter 123 at one end of the C-arm 112 and a 
receptor, such an image intensifier 124 with a camera 

45 125, at the other end of the C-arm 112. The C-arm 112 
includes a flip-flop lock 128 and flip-flop brake 127 that 
permit a 180° rotation of the C-arm 112. A collimator as- 
sembly 129 may be provided for collimating the x-ray 
beam from the x-ray emitter 123. A spacer 130 provides 

50 a safety distance that a patient may be brought within 
the x-ray emitter 123. 

[0028] The unit 1 1 0 is typically coupled to a monitoring 
unit wherein such monitoring unit includes equipment 
necessary for viewing the video image provided by the 
55 camera 125. The coupling is accomplished through ca- 
bles coupled through power panel 117 of the unit 110 to 
the monitoring equipment, such as a video display mon- 
itoring cart, which is typically used in conjunction with C- 
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arm x-ray unit 110. Alternatively, the monitoring equip- 
ment and video display monitoring card may be formed 
integral with the C-arm x-ray unit 110. 
[0029] Returning to Fig. 1, the tracker module 18 re- 
ceives position information from receptor, patient and in- 
strument position sensors 40, 42 and 44, respectively. 
The sensors 40-44 may communicate with the tracker 
module 18 via hardwired lines, infrared, radio waves and 
the like. The sensors 40-44 and tracker module 18 may 
be configured to operate based on one of several known 
medium, such as electromagnetics, optics, infrared and 
the like. Alternatively, the sensors 40-44 and tracker 
module 18 may operate based on a combination of such 
medium. 

[0030] By way of example only, in an electromagnetic 
(EM) implementation, a field transmitter/generator is pro- 
vided with up to three orthogonally disposed magnetic 
dipoles (e.g., current loops or electromagnetics). The 
magnetic fields generated by each of the three dipoles 
are distinguishable from one another either through 
phase, frequency or time division multiplexing. The mag- 
netic fields may be relied upon for position detection. The 
field transmitter/generator may form any one of the pa- 
tient position sensor 42, receptor position sensor 40 or 
instrument position sensor 44. The field transmitter/gen- 
erator emits EM fields that are detected by the other two 
of the position sensors 40-44. By way of example, the 
patient position sensor 42 may comprise the field trans- 
mitter/generator, while the receptor and instrument po- 
sition sensors 40 and 44 comprise one or more field sen- 
sors each. 

[0031] in an alternative embodiment, the sensors 
40-44 and tracker module 18 may be configured based 
on optical or infrared signals. In an embodiment based 
on optics or infrared, a separate position monitoring cam- 
era 46 is added to monitor the position of the sensors 
40-44 and to communicate with the tracker module 18. 
In this alternative embodiment, active infrared light may 
be periodically emitted by each sensor 40-44 and detect- 
ed by the position monitoring camera 46. Alternatively, 
the sensors 40-44 may operate in a passive optical con- 
figuration, whereby separate infrared emitters are locat- 
ed at the camera 46 and/or about the room. The emitters 
are periodically triggered to emit infrared light. The emit- 
ted infrared light is reflected from the sensors 40-44 onto 
one or more cameras 46. The active or passive optical 
information collected through the cooperation of the sen- 
sors 40-44 and position monitoring camera 46 is used 
by the tracker module 18 define tracking component co- 
ordinates for each of the patient 22, receptor 34 and in- 
strument 24. The position information may define six de- 
grees of freedom, such as x, y, z coordinates and pitch, 
roll and yaw angular orientations. The position informa- 
tion may be defined in the polar or Cartesian coordinate 
systems. 

[0032] In yet a further alternative embodiment, the 
tracker module 18, and sensors 40-44 may operate 
based on triangulation of signals, wherein the sensor 42 



operates as a signal transmitter, while the sensors 40 
and 44 operate as signals receivers. In a triangulation 
system, position detection is achieved by comparing 
characteristics of first and second transmitted signals to 

5 determine relative distances traveled. The transmitted 
signals may be ultrasonic or electromagnetic, such as 
radio waves, laser light, light emitting diodes and the like. 
[0033] As a further alternative embodiment, a plurality 
of rf receiving coils maybe placed about the subject, such 

10 as being attached to the receptor 34 as shown in U.S. 
Patent 5,251,635. The surgical instrument 24 may be 
modified to incorporate a small rf transmit coil, with at 
least one coil on each tool or instrument 24 to determine 
the instrument's position and at feast two coils per instru- 

15 ment to determine orientation. The tracker module 18 
and tracking data processor 20 cooperate to calculate 
the position and orientation of the transmit coils and thus 
the instrument 24. The calculated position of the instru- 
ment 24 is displayed by superposition of a symbol on an 

20 x-ray image that appears on the video monitor 48. Sensor 
42 on the patient 22 may be used in the mannerdescribed 
above to locate the position within the reference coordi- 
nate system. The reference coordinate system in the 
present exemplary embodiment is defined with the trans- 

25 mitteron the instrument 24 as the origin of the coordinate 
system. During operation, the tracking module 18 mon- 
itors the position of the instrument 24 and of the receptor 
34 with respect to a coordinate system having an origin 
at the transmitter of the patient position sensor 42. 

30 [0034] The tracker module 1 8 generates a continuous 
stream of tracking component coordinates, such as the 
Cartesian coordinates, pitch, roil and yaw for the instru- 
ment (l(x, y, z, pitch, roll, yaw)), for the detector 34 D(x, 
y, z, pitch, roll, yaw), and/or patient 22 P(x, y, z, pitch, 

35 roll, yaw). When the patient position sensor 42 is provided 
withanEMtransmittertherein (inaccordancewith at least 
one preferred embodiment), the coordinate reference 
system may be defined with the origin at the location of 
the patient position sensor 42. When an infrared tracking 

40 system is used, the coordinate system may be defined 
with the point of origin at the patient monitoring camera 
46. 

[0035] The tracking data processor 20 continuously 
collects the stream of tracking component coordinates 

45 26 and continuously calculates the position of the patient 
22, receptor 34 and instrument 24 relative to a reference 
point. The tracking data processor 20 may calculate ro- 
tation positions of the C-arm and store each such position 
temporarily. Each new rotation position may be com- 

50 pared with a target position, representing a fixed angular 
position (defined in x, y, z coordinates within the coordi- 
nate system) or based on a fixed arcuate movement (e.g. , 
5° and the like). When a 3-D acquisition procedure is 
initiated, the tracking data processor 20 establishes a 

55 reference orientation for the C-arm 12. For instance, the 
tracking data processor 20 may initiate an acquisition 
process once the receptor 34 is moved to one end of an 
image acquisition path with beginning and ending points 
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corresponding to a 0° angle and 1 90° angle, respectively. 
Alternatively, the tracking data processor 20 may initial- 
ize the coordinate reference system with the C-arm 12 
located at an intermediate point along its range of motion. 
In this alterative embodiment, the tracking data processor 
20 defines the present position of the receptor 34 (wher- 
ever that may be) as a starting point for an acquisition 
procedure. Once the tracking data processor 20 estab- 
lishes the starting or initial point for the image acquisition 
procedure, a control/trigger command 28 is sent to the 
x-ray generator 14 and initial exposure reference data 
30 is sentto the image processing computer 16. An initial 
image exposure 34 is obtained and processed. 
[0036] After establishing an initial position for the re- 
ceptor 34, the tracking data processor 20 continuously 
monitors the tracking component coordinates 26 for the 
receptor 34 and determines when the receptor 34 moves 
a predefined distance. When the tracking component co- 
ordinates 26 indicate that the receptor 34 has moved the 
predefined distance from the initial position, the tracking 
data processor 20 sends a new control or trigger com- 
mand 28 to the x-ray generator 14 thereby causing the 
x-ray source 36 to take an x-ray exposure. The tracking 
data processor 20 also sends new exposure reference 
data 30 to the image processing computer 1 6. This proc- 
ess is repeated at predefined intervals over an image 
acquisition path to obtain a series of images. The image 
processing computer 16 obtains the series of image ex- 
posures 32 that correspond to a series of exposure ref- 
erence data 30 and combines same into a volumetric 
data set that is stored in memory. 
[0037] By way of example, the tracking data processor 
20 may cause the x-ray generator 1 4 and image process- 
ing computer 1 6 to obtain image exposures at predefined 
arc intervals during movement of the receptor 34 around 
the orbital path of motion. The orbital range of motion for 
the receptor 34, over which images are obtained, may 
be over a 145° range of motion or up to a 190° range of 
motion for the C-arm 12. Hence, the receptor 34 may be 
moved from a zero angular reference point through 145° 
of rotation while image exposures 32 are taken at pre- 
defined arc intervals to obtain a set of image exposures 
used to construct a 3-D volume. Optionally, the arc inter- 
vals may be evenly spaced apart at 1°, 5°, 10° and the 
like, such that approximately 1 00, 40, or 15, respectively, 
image exposures or frames are obtained during move- 
ment of the detector 34 through rotation. The arc intervals 
may be evenly or unevenly spaced from one another. 
[0038] The receptor 34 may be manually moved by the 
operator at any desired speed. The operator may also 
move the receptor 34 at an increasing, decreasing or 
otherwise uneven velocity since exposures are triggered 
only when the receptor 34 is located at desired positions 
that are directly monitored by the tracker module 18. 
[0039] Figs. 2-3 illustrate two exemplary ranges of mo- 
tion for the C-arm 12. In the example of Fig. 2, the C-arm 
12 is moved through a range of orbital motion manually 
or automatically to obtain discrete exposures at desired 



intervals (e.g. .exposure intervals 50) in order to construct 
a 3-D patient data set. In the example of Fig. 3, the C- 
arm 12 may be moved in a different direction from orbital 
rotation, namely the C-arm 12 may be moved through a 

5 range of lateral rotation. At discrete angles along the 
range of lateral motion indicated by the dashed lines 55, 
exposures may be obtained in the manner explained 
above to construct a 3-D patient data set. 
[0040] Figs. 4-5 illustrate a range of orbital rotation and 

10 lateral rotation, respectively, through which the receptor 
34 may be moved, similar to the ranges of motion in Figs. 
2-3. In the example of Figs. 4-5, an optical tracking sys- 
tem is used having a camera 46 to detect the position of 
LEDs 47 and 48 on the receptor 34 and LEDs 51 and 52 

15 on the patient 22. Optionally, LEDs 47, 48, 51 and 52 
may be passive reflectors. 

[0041] Fig. 7 illustrates an alternative embodiment 
formed in accordance with the present invention. A fluor- 
oscopy imaging system 200 includes a detector 210 

20 mounted to a C-arm for detecting x-rays passed through 
a patient A tracking subsystem 220 receives patient co- 
ordinate information 225, detector coordinate information 
230 and instrument coordinate information 235. The 
tracking subsystem 220 processes the coordinate infor- 
ms mation 225-235 and passes it to an image processing 
unit 240 which receives exposure frames from the de- 
tector 210 and outputs image frames to the display 250. 
The image processing unit 240 includes a frame grabber 
260 which collects exposure frames from the detector 

30 210 at points in time dictated by the position data 245 
provided from the tracking subsystem 220. 
[0042] The exposure frames are passed from the 
frame grabber 260 to the image volume processor 270 
which manages storage of exposure frames in a volu- 

35 metric image memory 280. The image volume processor 
270 constructs a three-dimensional patient data volume 
in the volumetric image memory 280. The 3-D patient 
data volume may be constructed based upon very few 
exposure frames, such as 10 and the like. As additional 

4 ® exposure frames are obtained by the frame grabber 270, 
the accuracy and completeness of the 3-D patient data 
volume is improved. In addition to constructing the 3-D 
patient data volume, the image volume processor 270 
also constructs image slices from the volume. The slices 

45 are stored in the slice data set memory 290. 

[0043] The display graphics processor 295 accesses 
the slice data set memory 290 to display the image slices 
on the display 250. The display graphics processor 295 
also constructs graphical representations of the instru- 

50 ment or tool 24 and overlays the instrument graphic with 
the image slices on the display 250. The display graphics 
processor 295 may present multiple two-dimensional im- 
age slices simultaneously on the display 250 with instru- 
ment graphics superimposed upon each image slice. Al- 

55 ternatively or in combination with image slices, the dis- 
play graphics processor 295 may construct a three-di- 
mensional rendering of the 3-D patient data volume and 
display the three-dimensional rendering on the display 
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250 separately or in combination with a three-dimension- 
al graphical representation of the instrument 24. The 
three-dimensional patient image and three-dimensional 
instrument graphic may be controlled to rotate (in a video- 
type format) to permit viewing of the patient data volume 
from multiple angles and to permit viewing of the instru- 
ment graphic from multiple angles. Rotation of the three- 
dimensionally displayed patient data volume may be au- 
tomatic, such as in a simulated video format, or may be 
controlled manually in a stepwise manner by the operator 
of the system. For example, the operator may rotate the 
image(s) by clicking on the region of interest with a mouse 
and drag the image to cause rotation and/or translation. 
[0044] Fig. 8 illustrates a general processing sequence 
followed by at least one preferred embodiment of the 
present invention in connection with obtaining and dis- 
playing fluoroscopic information and instrument or tool 
information. Beginning at step 300, the receptor 34 ob- 
tains an initial exposure and the tracker module 18 and 
tracking data processor 20 initialize the image receptor 
34 position. The initial position of the image receptor 34 
may represent a point at one extreme of the rotational 
orbit of the receptor 34 about the C-arm 12. Alternatively, 
the initial position for the image receptor 34 may merely 
representthe present position atthe time that an operator 
initiates a 3-D acquisition operation. Once the initial ex- 
posure and receptor 34 position are obtained at step 300, 
flow passes to step 305 at which the position of the re- 
ceptor 34 is continuously monitored by the tracking mod- 
ule 18 and tracking data processor 20. 
[0045] Once the receptor 34 moves a desired distance 
from the most recent prior position at which an exposure 
was obtained, flow passes to step 310. At step 310, the 
tracking data processor 20 causes the x-ray generator 
1 4 to trigger the x-ray source 36 to obtain a new exposure. 
The tracking data processor 20 at step 315 directs the 
image processor 16 to capture a new exposure from the 
receptor 34. The image processing computer 1 6 captures 
the new exposure and, at step 320, stores the new ex- 
posure along with the position of the receptor 34, where 
the position information is provided from the tracking data 
processor 20. The new exposure obtained at step 315 is 
used at step 325 by the image processing computer 16 
to update the 3-D patient data set. At step 335, the image 
processing computer 1 6 constructs patient slices and/or 
a three-dimensional image of the 3-D patient data set. 
[0046] Preferably, the 3-D patient data set is updated 
with the information from 10 or more exposures before 
patient slices are reconstructed. Additional exposures 
may be obtained, beyond 10 exposures by repeating 
steps 305-325, thereby improving the information within 
the 3-D patient data set. Once patient slices and/or 3-D 
images are constructed at step 335, the patient slices 
and/or 3-D images are displayed at step 340, alone or in 
combination with instrument graphics representing the 
position of the instrument 24 relative to the patient 22. 
Dashed lines 330, 345 and 350 indicate that, while steps 
325, 335 and 340 are being carried out, the image 



processing computer 16 performs parallel operations to 
repeat steps 305-340 to improve upon the 3-D patient 
data set and also upon the patient slices and 3-D images 
being displayed. 

5 [0047] Returning to Fig. 1 , by way of example only, a 
series of dashed lines 50 are illustrated representing dis- 
crete positions at which exposures may be obtained for 
use in constructing the 3-D patient data set. Optionally, 
the image capture positions 50 may be evenly divided, 

10 such as at 5° intervals and the like, along at least a portion 
of the orbital rotation of the receptor 34. For example, 
the receptor 34 may be moved along a 145° arc of orbital 
rotation, while obtaining exposures every 5°. 
[0048] As a further alternative, the receptor 34 may be 

15 moved through a portion of, or the entire, range of motion 
of the C-arm 12 (orbital, longitudinal, transverse, pivotal 
or otherwise) more than once during collection of the 3- 
D patient data set. For example, the doctor may move 
the receptor 34 through a 145° orbital rotation in a first 

20 direction and through a 145° orbital rotation in the oppo- 
site direction, during both of which the receptor 34 obtains 
exposures. The exposures obtained during motion of the 
receptor 34 in both directions may be atthe same angular 
positions or at different positions interleaved with one 

25 another (e.g., at 0, 10, 20° angles, etc. when moving in 
the first direction and at 25°, 15°, 5° angles and the like 
when moved in the opposite direction). 
[0049] As a further alternative, when the patient slices 
and/or images are reconstructed at step 335 and/or dis- 

30 played at step 340, holes in the data set may be identified 
(e.g., regions for which very little or no data are known). 
These holes may appear as black areas on the display. 
Holes in the data set may be identified manually by the 
physician while displaying the slices at step 340. Alter- 

35 natively, the system may automatically identify holes in 
the data set at step 335. Once holes in the data set are 
located, the receptor 34 may be moved automatically or 
manually through a smaller portion of the overall image 
acquisition path to obtain additional data to fill in the holes 

40 in the 3-D patient data set. Optionally, if holes in the pa- 
tient data set are identified at step 335, the image 
processing computer 16 may inform the tracking data 
processor 20 of the region forwhich more data is needed 
and, in response thereto, the tracking data processor 20 

45 may only obtain additional exposures (through control of 
the x-ray generator 14) at certain discrete orbital angles 
for the receptor 34. For example, if the image processing 
computer 16 determines at step 335 that further expo- 
sures are needed for a region of interest associated with 

50 the 40-60° angular positions of the receptor 34, the image 
processing computer 16 may instruct the tracking data 
processor 20 to monitor the position information of the 
receptor 34 from the tracking module 18 and only trigger 
additional exposures when the receptor 34 is moved 

55 through the 40-60° orbital range (if at all). The operator 
may move the receptor 34 through a larger angular range 
(e.g., 10°-90°), but the receptor 34 will only take new 
exposures at the desired angular positions (e.g., 40°- 
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60°). 

[0050] Alternatively, the operator may identify holes in 
the data set while displaying slices and/or 3-D images at 
step 340. In this instance, the operator may manually 
enter a range of orbital positions at which new exposures s 
should be obtained. For example, the user may inform 
the tracking data processor 20 that new exposures 
should be obtained between orbital angles 120°-170°. 
Thereafter, the tracking data processor 20 will monitor 
the position information from the tracker module 18 and 
only trigger the x-ray source 36 when the receptor 34 is 
moved through the manually entered orbital range of in- 
terest. 

[0051] The 3-D patient data set may be constructed in 
step 325 using any one of several algorithms known for 
constructing three-dimensional data volumes based up- 
on exposures obtained from a cone beam source. By 
way of example, the 3-D patient data set may be con- 
structed at step 325 using anyone of several well known 
techniques, such as forward and/or back projection tech- 
niques. The patient slices and 3-D images constructed 
in step 335 may be created in accordance with any of 
several known algorithms such as those used in connec- 
tion with existing CT systems. The 3-D images construct- 
ed at step 335 and displayed at step 340 may be created 
from the 3-D patient data set based upon any one of 
several known volume rendering techniques, such as ray 
casting and the like. Several known techniques exist for 
constructing data sets of patient slices (such as for sag- 
ittal, coronal and axial patient views), segments and 3-D 
rendered images. 

[0052] The number of exposures collected in steps 
305-325 will determine the amount of time needed to 
reconstruct patient slices at step 335. For instance, if 40 
frames are obtained to construct the 3-D patient data set, 
it may take up to 1 4 minutes to reconstruct a set of patient 
slices therefrom. The patient slices may be constructed 
more quickly if fewerframes are obtained and more slow- 
ly if more than 40 frames are obtained. 
[0053] Optionally, the image processing computer 16 
may perform frame averaging, whereby the receptor 34 
obtains more than one exposure at each angular position 
and averages such frames before using the averaged 
frame to update the 3-D patient data set. Preferably, how- 
ever, the image processing computer 16 may only use 
one exposure obtained by the receptor 34 at each orbital 
rotation. When a single exposure is obtained at each or- 
bital rotation, the x-ray generator 14 is controlled to gen- 
erate a higher energy x-ray dose. For instance, when 
frame averaging is used, a low dose (e.g., 40 mA) may 
be used, whereas when a single exposure is obtained at 
each orbital rotation, a high dose (e.g., 150 mA and the 
like) may be used. In certain instances, it may be prefer- 
able to use high energy doses, such as used in cardiac 
applications, to obtain high quality images, without aver- 
aging. 

[0054] When generating high energy doses, shorter 
pulse lengths may be used as compared to when per- 



forming low energy doses. For example, when a single 
exposure is obtained at each orbital rotation of the re- 
ceptor 34, the x-ray generator 14 may be controlled to 
provide a high energy short pulse of between 3 and 6 
ms. During frame averaging, the x-ray generator 14 may 
provide a low energy longer pulse, such as up to 20 ms 
or more. In certain applications, it may be preferable to 
obtain a single exposure from the receptor 34 at each 
orbital rotation to avoid blurring that may be caused by 
averaging two or more frames that are obtained at close, 
but not the exact same position by the receptor 34. 
[0055] Optionally, the receptor 34 may include an im- 
age intensifier used in combination with a viticon-type 
scanning camera. Alternatively, the receptor 34 may in- 
clude an image intensifier used in connection with a CCD 
detector-type camera. Optics are typically provided be- 
tween the image intensifier and the camera to afford a 
more compact receptor 34. As a further alternative, the 
receptor 34 may be constructed with a flat panel detector, 
thereby entirely removing the use for an image intensifier 
or camera. 

[0056] In certain preferred embodiments, the receptor 
34 is described as being manually moved by the operator. 
Manual movement is supported since the tracking sub- 
system determines the absolute position of the receptor 
34 with respect to a coordinate system including both the 
instrument 24 and patient 22. Manually moving the re- 
ceptor 34 avoids the need for the additional structure 
associated with automatic control of the receptor 34. Us- 
ing a tracking system that detects the absolute position 
of the receptor 34, instrument 24 and patient 22 within a 
common coordinate system and from such information 
triggering exposures, renders the speed and accelera- 
tion rate of the receptor 34 irrelevant. Hence, the rate at 
which the receptor 34 is moved does not change the ac- 
curacy or quality of Images. 

[0057] As an alternative embodiment, the tracking sys- 
tem including tracker module 18 and tracking data proc- 
essor 20 need not monitor the position of the receptor 
34. Instead, a series of sensors may be located about 
the C-arm 12 to detect orbital rotation, longitudinal rota- 
tion, lateral rotation, movement of the L-arm, transverse 
movement, the "wig-wag" movement and the like. The 
series of sensors, by monitoring all points of movement 
within the C-arm relative to a reference point, such as a 
point in the room, a point on the patient, or a point on the 
instrument, may be used to control the time at which ex- 
posures are obtained and enable a sequence of expo- 
sures to be obtained along a plurality of image acquisition 
paths in addition to the paths illustrated in Figs. 1-5. 
[0058] As a further alternative, the C-arm 1 2 may build 
a composite volume data set extending along a patient 
over an area larger than the receptor 34, such as along 
the spine of a patient. Multiple sets of exposures may be 
taken to build a rectangular volume encasing a region of 
interest, such as the complete spine, a complete leg, and 
the like. By way of example, the C-arm may be positioned 
proximate to the base of the spine and moved through 
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are rotated along a plane including the C-arm with 
respect to a patient between said first and second 
exposure positions, 

5 4. The medical imaging system of claim 1 , 2 or 3, further 
comprising a lateral rotation unit (119) connected to 
said C-arm (1 1 2), said lateral rotation un it (1 1 9) mov- 
ing said C-arm along a lateral rotation path forming 
at least part of said image acquisition path to move 

10 said receptor between said first and second expo- 
sure positions. 



an orbital rotation range of motion to obtain a first set of 
data. Typically, the receptor 34 is able to collect data for 
an area of up to 9 to 12 inches in diameter depending 
upon the magnification effect caused by the patient's 
proximity to the x-ray source 36. Once the first series of 
exposures is obtained , the C-arm 1 2 may be moved along 
the spine by an amount less than 9 to 12 inches, such 
that the new C-arm 12 position slightly overlaps the initial 
position of the C-arm 12. Once repositioned, the C-arm 
may be moved around a new orbital rotation to obtain a 
second series of image exposures. This process may be 
again repeated if needed for a third set of image expo- 
sures until information regarding the complete spine is 
obtained. The first, second (and if needed third) sets of 
exposures for the spine may be combined to construct a 
rectangular volume, from which slides are obtained. 



Claims 

1. A medical imaging system, comprising: 

a C-arm unit (10) having an x-ray source (36) 
for generating x-rays and a receptor (34) for ob- 
taining image exposures from received x-rays, 
the C-arm (12) moving the x-ray source (36) and 
receptor (34) along an image acquisition path 
between at least first and second exposure po- 
sitions; 

a position detector (18, 20) for monitoring the 
position of said receptor and the position of a 
patient and producing position data; 
an acquisition module (1 6) for collecting a series 
of image exposures from the receptor (34) in- 
cluding at least first and second image expo- 
sures obtained while said and receptor (34) is 
located at said first and second exposure posi- 
tions, respectively, said acquisition module (16) 
collecting said series of image exposures based 
on said position data from said position detector 
(18, 20); 

an image processor (16) for constructing a three 
dimensional (3D) volumetric data set based on 
said series of image exposures and position da- 
ta from said position detector; and 
a display (48) displaying images based on said 
three dimensional volumetric data set 

2. The medical imaging system of claim 1 , wherein said 
image processor (16) constructed a computed tom- 
ography volume. 

3. The medical imaging system of claim 1 or 2, further 
comprising a base (111), said C-arm (1 1 2) being ro~ 
tatably mounted to said base (111), said base (111) 
moving said C-arm (112) along said image acquisi- 
tion path which constitutes an orbital rotation path in 
which the x-ray source (123) and the receptor (124) 



5. A method of using the medical imaging system of 
claim 1 to form a patient data set and generate pa- 
is tient view slices from the patient data set, the method 

comprising: 

moving the x-ray receptor (34) through a range 
of motion between starting and ending positions 
20 relative to a patient (305); 

tracking a position of the receptor (34) relative 
to the patient (305); 

triggering a series of exposures by the receptor 
(34) based on a position of the receptor (34) with 
25 respect to the patient (305); 

storing each image exposure with position track- 
ing data identifying the position of the receptor 
(34) within a coordinate system (320); and 
generating a plurality of patient view slices from 
30 the patient data set (340) 

6. The method of claim 5 obtained by a C-arm fluoro- 
scopic apparatus, the method comprising: 

35 moving the C-arm (12) unit along an image ac- 

quisition path relative to a patient (305); 
continuously electronically monitoring a position 
of the C-arm unit (12) and a position of the pa- 
tient (305); 

40 obtaining a series of image exposures of the pa- 

tient as the C-arm unit is moved along said im- 
age acquisition path when the C-arm unit is po- 
sitioned at a predetermined exposure positions 
with respect to the patient position (310, 315, 
45 320); and 

constructing a 3D volumetric data set from said 
series of image exposures (35). 

7. The method of claim 5 or 6, further comprising man- 
50 ually moving the x-ray receptor 

8. The method of claim 5, 6 or 7, further comprising 
generating and displaying saggital, coronal, and ax- 
ial view slices of the patent from the patient data set 



25 



30 



35 



40 



10 



19 



EP 1 347 707 B1 



20 



Pate ntansp ruche 

1. Medizinisches Bildgebungssystem, aufweisend: 

eine OArm Einheit (10) mit einer Rdntgenstrah- 5 
lungsquelle (36) zum Erzeugen von Rontgen- 
strahlen und einem Empfanger (34) zum Gewin- 
nen von Biidaufnahmen aus empfangenen 
Rontgenstrahlen, wobei der C-Arm (12) die 
Rontgenstrahlungsquelle (36) und den Empfan- 10 
ger (34) entlang einem Bilderfassungspfad zwi- 
schen wenigstens ersten und zweiten Aufnah- 
mepositionen bewegt; 

einen Positionsdetektor (18, 20) zum Uberwa- 
chen der Position des Empfangers und der Po- 15 
sition eines Patienten und zum Erzeugen von 
Positionsdaten; 

ein Erfassungsmodul (16) zum Sammeln einer 
Serie von Biidaufnahmen aus dem Empfanger 
(34), weiche wenigstens erste und zweite Bild- 20 
aufnahmen enthalten, die gewonnen werden, 
wahrend sich die Rontgenstrahlungsquelle (36) 
und der Empfanger (34) in den ersten bzw. zwei- 
ten Aufnahmepositionen befinden, wobei das 
Erfassungsmodul (16) die Serie von Bildaufnah- 25 
men auf der Basis der Positionsdaten aus dem 
Positionsdetektor (18, 20) sammelt; 
einen Bildprozessor (16) zum Konstruieren ei- 
nes dreidimensionalen (3D) volumetrischen Da- 
tensatzes auf der Basis der Serie von Bildauf- 30 
nahmen und Positionsdaten aus dem Positions- 
detektor; und 

eine Anzeigeeinrichtung (48), die die Bilder auf 
der Basis des dreidimensionalen volumetri- 
schen Datensatzes anzeigt. 35 

2. Medizinisches Bildgebungssystem nach Anspruch 
1 , wobei der Bildprozessor (16) ein Computertomo- 
graphievolumen konstruierte. 

40 

3. Medizinisches Bildgebungssystem nach Anspruch 
1 oder 2, welches ferner eine Basis (111) aufweist, 
wobei der C-Arm (112) drehbar auf der Basis (111) 
montiert ist, die Basis (111) den C-Arm entlang dem 
Bilderfassungspfad bewegt, welcher einen Kreis- 45 
bahn-Rotationspfad bildet, in welchem die Rontgen- 
strahlungsquelle (123) und der Empfanger (124) ent- 
lang einer den C-Arm enthaltenden Ebene in Bezug 

auf einen Patienten zwischen den ersten und zwei- 
ten Aufnahmepositionen gedreht werden. 50 

4. Medizinisches Bildgebungssystem nach Anspruch 
1 , 2 oder 3, welches ferner eine mit dem C-Arm (1 1 2) 
verbundene laterale Rotationseinheit (119) auf- 
weist, wobei die laterale Rotationseinheit (119) den 55 
C-Arm entlang einem lateralen Rotationspfad be- 
wegt, der wenigstens einen Tell des Bilderfassungs- 
pfades ausbildet, urn den Empfanger zwischen den 



ersten und zweiten Aufnahmepositionen zu bewe- 
gen. 

5. Verfahren zum Verwenden des medizinischen Bild- 
gebungssystems nach Anspruch 1, um einen Pati- 
entendatensatz zu erzeugen, und um Patientenan- 
sichtsscheiben aus dem Patientendatensatz zu ge- 
nerieren, wobei das Verfahren die Schritte aufweist: 

Bewegen des Rontgenempfangers (34) uber ei- 
nen Bewegungsbereich zwischen Start- und 
Endpositionen in Bezug auf einen Patienten 
(305); 

Verfolgen einer Position des Empfangers (34) 
in Bezug auf den Patienten (305); 
Auslosen einer Serie von Aufnahmen durch den 
Empfanger (34) auf der Basis einer Position des 
Empfangers (34) in Bezug auf den Patienten 
(305); 

Speichern jeder Biidaufnahme mit die Position 
des Rezeptors (34) innerhalb eines Koordina- 
tensystems (320) identifizierenden Positions- 
verfolgungsdaten; und 

Generieren mehrere Patientenansichtsschei- 
ben aus dem Patientendatensatz (340). 

6. Verfahren nach Anspruch 5, welches mittels eines 
C-Arm-Durchleuchtungsvorrichtung erzieltwird, wo- 
bei das Verfahren die Schritte aufweist: 

Bewegen der C-Arm-Einheit (12) entlang einem 
Bilderfassungspfad in Bezug auf einen Patien- 
ten (305); 

kontinuierliches elektronisches Gberwachen ei- 
ner Position der C-Arm-Einheit (12) und einer 
Position des Patienten (305); 
Gewinnen einer Serie von Biidaufnahmen des 
Patienten sobald die C-Arm-Einheit entlang 
dem Bilderfassungspfad bewegt wird, wenn die 
C-Arm-Einheit an vorbestimmten Aufnahmepo- 
sitionen in Bezug auf die Patientenposition (310, 
315, 320) positioniert ist; und 
Aufbauen eines 3D volumetrischen Datensat- 
zes aus der Serie von Biidaufnahmen (35); 

7. Verfahren nach Anspruch 5 oder 6, welches ferner 
eine manuelle Bewegung des Rontgenempfangers 
umfasst; 

8. Verfahren nach Anspruch 5, 6 oder 7, welches ferner 
die Generierung und Darstellung von sagittalen, ko- 
ronalen und axialen Ansichtsscheiben des Patienten 
aus dem Patientendatensatz umfasst 



Revendications 

1. Systeme d'imagerie medicale, comprenant : 
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une unite (10) de bras en C dotee d'une source 
(36) de rayons X pour generer des rayons X et 
d'un recepteur (34) pour obtenir des expositions 
d'images a partirdes rayons X recus, le bras en 
C (12) deplacant la source (36) de rayons X et 
le recepteur (34) le long d'une voie d'acquisition 
d'image entre au moins la premiere et la deuxie- 
me positions d'exposition ; 
un detecteur (18, 20) de position poursurveiller 
la position dudit recepteur et la position d'un pa- 
tient et produire des donnees de position ; 
un module (16) d'acquisition pour collecter une 
serie d'exposition d'images a partir du recepteur 
(34) comprenant au moins la premiere et la 
deuxieme expositions d'images obtenues tan- 
dis que iedit recepteur (34) se trouve auxdites 
premiere et deuxieme positions d'exposition, 
respectivement, Iedit module (16) d'acquisition 
collectantiaditeseried'expositions d'images sur 
la base desdites donnees de position provenant 
dudit detecteur (18, 20) ; 
un processeur (16) d'image pour construire un 
ensemble de donnees volumetriques tridimen- 
sionnelles (3D) sur la base de ladite serie d'ex- 
positions d'images et desdites donnees de po- 
sition provenant dudit detecteur de position ; et 
un ecran (48) affichant des images sur la base 
dudit ensemble de donnees volumetriques tridi- 
mensionnelles. 

2. Systeme d'imagerie medicale selon la revendication 
1 , dans lequel Iedit processeur (16) d'image a cons- 
tant un volume tomographique informatise. 

3. Systeme d'imagerie medicale selon les revendica- 
tions 1 ou 2, comprenant en outre une base (111), 
Iedit bras en C (112) etant monte de facon rotative 
sur ladite base (111), ladite base (111) deplacant 
Iedit bras en C (112) le long de ladite voie d'acqui- 
sition d'images qui constitue une voie de rotation or- 
bitale dans laquelle la source (123) de rayons X et 
le recepteur ( 1 24) sont pivotes le long d'un plan com- 
prenant le bras en C par rapport a un patient entre 
lesdites premiere et deuxieme positions d'exposi- 
tion. 

4. Systeme d'imagerie medicale selon les revendica- 
tions 1 , 2 ou 3, comprenant en outre une unite (119) 
de rotation lateraie reliee audit bras en C (1 1 2), ladite 
unite (119) de rotation lateraie deplacant Iedit bras 
en C le long d'une voie de rotation lateraie formant 
au moins partie de ladite voie d'acquisition d'images 
pourdeplacer Iedit recepteur entre lesdites premiere 
et deuxieme positions d'exposition. 

5. Procede d'utilisation du systeme d'imagerie medica- 
le selon la revendication 1 pour former un ensemble 
de donnees patient et produire des vues anatomi- 



ques de patients a partir de I'ensemble des donnees 
patient, le procede comprenant : 

le deplacement du recepteur (34) de rayons X 
5 sur une plage de mouvements entre les posi- 

tions de debut et de fin par rapport a un patient 
(305) ; 

la poursuite d'une position du recepteur (34) par 
rapport au patient (305) ; 

10 le declenchement d'une serie d'expositions par 

le recepteur (34) sur la base d'une position du 
recepteur (34) par rapport au patient (305) ; 
lestockage de chaque exposition d'images avec 
les donnees de poursuite de position identifiant 

15 la position du recepteur (34) a I'interieur d'un 

systeme (320) de coordonnees ; et 
la generation d'une pluralite de vues anatomi- 
ques de patient a partir de I'ensemble (340) de 
donnees patient. 

20 

6, Procede selon la revendication 5 obtenue par un ap- 
pareil fluoroscopique de bras en C, le procede 
comprenant : 

25 |e deplacement de I'unite (12) de bras en C le 

long d'une voie d'acquisition d'image par rapport 
a un patient (305) ; 

la surveillance electronique continuelie d'une 
position de I'unite (12) de bras en C et d'une 

so position du patient (305), obtenant une serie 

d'expositions d'images du patient lorsque I'unite 
de bras en C est deplacee le long de ladite voie 
d'acquisition d'image lorsque I'unite de bras en 
C est positionnee a des positions d'exposition 

35 predetermines par rapport a la position (310, 

315, 320) du patient ; et 
la construction d'un ensemble de donnees vo- 
lumetriques en 3D a partir de ladite serie (35) 
d'exposition d'images. 

40 

7. Procede selon la revendication 5 ou la revendication 
6, comprenant en outre le deplacement manuel du 
recepteur de rayons X, 

45 8. Procede selon la revendication 5, la revendication 6 
ou la revendication 7, comprenant en outre la gene- 
ration et I'affichage de vues anatomiques sagittales, 
coronales,etaxialesdupatientapartirde I'ensemble 
des donnees patient. 




13 



EP 1 347 707 B1 



FIG. 2 
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FIG. 6 



110 "9 




15 



EP 1 347 707 B1 



FIG. 7 



210 



?? c 230 235 

Vii 



245 



TRACKING 
SUBSY5TEM 

1 

220 



200- 



270 



295 



250- 



DETECTOR 



FRAME 
GRABBER 



IMAGE 
VOLUME 
PROCESSOR 



DISPLAY 
GRAPHICS 
PROCESSOR 



VOLUMETRIC 
IMAGE 
MEMORY 



"N280 



SLICE 
DATA SET 
MEMORY 



"N-290 



IMAGE PROCESSING | 
UNIT I 



DISPLAY 



V 

240 



16 



EP 1 347 707 B1 



FIG. 8 



OBTAIN EXPOSURE AND INITIALIZE 
IMAGE RECEPTOR POSITION 




TRIGGER X-RAY SOURCE 



CAPTURE NEW EXPOSURE 



RECORD RECEPTOR POSITION 



UPDATE 3D PATIENT DATA SET 



CONSTRUCT PATIENT SLICES/3D IMAGE 



DISPLAY SLICES, 3D IMAGE AND INSTRUMENT 345 



_______ 



350 



17 



